The objective of this study was to determine the conjugated linoleic acid (CLA) isomer composition of blood plasma and other organ tissues of Wistar rats fed a diet enriched with 1 or 2% CLA isomer(s) and 2 ppm Se as sodium selenate for 4 weeks. The dietary supplement of CLA isomers significantly elevated the concentration of CLA isomers and other fatty acids containing conjugated double bonds in plasma, spleen, pancreas, heart, and kidney tissues. cis9,trans11CLA was preferentially accumulated in plasma and organ tissues of rats fed the CLA isomer mixture with or without Se, while the percentage contribution of trans10,cis12CLA in the tissues of organs tended to be lower than its percentage in the administered CLA isomer mixture. Dietary CLA isomer(s) increased the Ca content of whole blood, while the diet with the CLA isomer(s) and Se increased the concentration of Mg and Se in spleen tissue. The experimental diets did not produce any substantial changes in the Fe or Zn concentrations in blood or spleen tissue. The diet enriched in trans10,cis12CLA and Se significantly increased spleen, pancreas and heart weights. Regardless of the presence of Se, the diet enriched in CLA isomer(s) stimulated the accumulation of polyunsaturated fatty acids in blood plasma, and in pancreas, heart, and kidney tissues. The diets enriched in the CLA isomer(s) usually resulted in a decrease of the monounsaturated fatty acid concentration and Δ9-desaturase capacity in plasma, spleen, pancreas, and kidney tissues, but not in noticeably decreased concentrations in heart and brain tissues. The presence of both Se and the CLA isomer(s) produced less consistent changes in the capacity of Δ9 desaturase and monounsaturated fatty acid concentrations compared with the effect of the diet with the CLA isomer(s) only.
INTRODUCTION
Conjugated linoleic acid (CLA) represents a mixture of geometrical and positional isomers of linoleic acid with conjugated double bonds located in positions 11,13; 10,12; 9,11; 8,10 or 7,9 on the carbon chain of the fatty acid (Park, 2005) . Many reports have demonstrated health-promoting effects of dietary CLA, especially cis9,trans11CLA, in various animal species. These reports have shown that dietary CLA has anticarcinogenic and antidiabetogenic properties and that it delays the onset of atherosclerosis (Ostrowska et al., 2003; Ohashi et al., 2004) . On the other hand, diets enriched in trans10,cis12CLA caused reduction of body fat in rodents and, probably, in humans. These health promoting effects seem to be the effect of increased energy expenditure associated with sympathetic nerve activation rather than a consequence of reduced food intake (Belury, 2002) . Among other physiological effects, CLA isomers affect lipid metabolism, modify fatty acid (FA) oxidation, reduce the concentration of cis9C16:1, oleic acid (cis9C18:1), arachidonic acid, and inhibit formation of eicosanoids in tissues of laboratory animals. Little is known, however, about the influence of the individual CLA isomers on the accumulation of the above-mentioned compounds in selected organs of the examined animals.
Low molecular weight Se-compounds in the bodies of mammals were recognized in the late 1950's when it was found that Se replaces sulphur in methionine and cysteine. The human Se-proteome consists of twenty-five selenoproteins (Tapiero et al., 2003) . Se-containing proteins (e.g., the glutathioneperoxidase (GPx) family) are essential in the metabolism of arachadonic acid, as well as in redox regulation (thioredoxin reductases) (Tapiero et al., 2003) . Moreover, Se-amino acid-containing proteins have generally been shown to protect against the toxicity of heavy-metals (e.g., Hg, Pb, Sb or Cd) and enable peroxynitrite scavenging (Czauderna et al., 2004; Schomburg et al., 2004) . Proteins containing Se-cysteine, in particular, protect cell membranes, lipids and tissues from oxidative stress and control cell redox status (Shweizer et al., 2005) . In accordance with these findings, recent studies on experimental animals showed that the concentrations of mono-and polyunsaturated fatty acids (MUFA and PUFA) were positively correlated with the content of Se in the diet (Crespo et al., 1995; Czauderna et al., 2004a,b) .
The current study was, therefore, conducted to determine the effect of dietary CLA isomers on the FA profile, in particular, of CLA isomers in selected organs of rats. Another aim of our study was to investigate the influence of dietary Se on the accumulation of the individual CLA isomers and other FAs in the analysed tissues.
MATERIAL AND METHODS

Animals and experimental design
Ten groups of 7-8 female rats, 8 weeks of age and an initial body weight of about 200 g (Table 1 ) were housed individually as described previously (Czauderna et al., 2004b) . Rats (Wistar, Ifz:BOA) were fed ad libitum the Labofeed diet (Control) or diets enriched in CLA isomer(s) and/or 2 ppm Se (as Na 2 SeO 4 ) ( Table 1) . After 4 weeks the rats were killed by CO 2 inhalation, their blood was collected and their spleen, pancreas, heart, kidneys and brain, removed. The organ tissues were freezedried immediately.
Chemicals
All reagents were analytical grade, whereas HPLC-grade organic solvents were purchased from Lab-Scan (Ireland). Sodium selenate (Na 2 SeO 4 ) and all fatty acid standards were provided by Sigma (USA). The CLA isomer mixture (95-97%), cis9,trans11CLA (95-97%) and trans10,cis12CLA (95-97%) were supplied by Larodan Fine Chemicals AB (Sweden). The composition of cis9,trans11CLA (c9,t11CLA) and trans10,cis12CLA (t10c12CLA) was 99.9 and 99.8%, respectively, i.e. 0.1-0.2% -other cis,cis (c,c) and trans,trans (t,t) CLA isomers were detected. The composition of the CLA isomer mixture was, %: t11t13 -2.9; t10t12 -5.1; t9t11 -4.3; t8t10 -2.9; c11t13 -13.4; t10c12 -28; c9t11 -28.6; c8t10 -9.6; c11c13 -1.6, c10c12 -1.5; c9c11 -1.4; c8c10 -0.7. The ratio of the concentration of c9t11CLA to t10c12CLA in the CLA isomer mixture was 1.0242. The composition CLA isomer(s) was assessed using an Ag + -HPLC system (Czauderna et al., 2003) .
Preparation of blood plasma for fatty acid HPLC analysis
Blood samples from rats were collected into heparinized tubes (kept in an ice bath) and centrifuged at 1500-1700 g for 15 min (at 2- 
Saponification of samples
All freeze-dried organ tissue samples (45-55 mg) and deproteinized plasma (100 μl) from rats were hydrolysed with 3.5 ml of 2 M NaOH at ~85°C for 30 min. The hydrolysates were acidified with 4 M HCl to pH ~2 and then free fatty acids were extracted four times with 4 ml portions of dichloromethane. The lower organic layer was dried with Na 2 SO 4 (~100 mg) and then the organic solvent was removed under a stream of argon (Czauderna et al., 2005b) . Afterwards the residue (I) was used for derivatization as below or re-dissolved in 1 ml of dichloromethane and 20-30 μl of the resulting solution were injected onto the silver-ion exchange columns (Ag+-HPLC system I). The mobile phase of 1.6% acetic acid and 0.0125% acetonitrile in n-hexane was chosen as the optimum mobile phase for fractionation of underivatized fatty acids containing conjugated double bonds (Czauderna et al., 2003) . Analyses were performed using an isocratic elution program (flow-rate of 1 ml/min) and UV detection at 234 nm, column temperature 25-28°C.
Derivatization procedures
To a residue (I) in a reacti-vial, 0.5 ml of dibromacetophenone (48 g/l in acetone) and 60 μl of triethylamine were added. The resulting solution was mixed again and reacted for 30 min at 40°C (Czauderna et al., 2004b ). The processed samples were then injected onto C 18 Nova Pak columns (Czauderna et al., 2004b) . The binary gradient elution program was used for analysis of all derivatized fatty acids in standards and biological samples (Czauderna et al., 2004b) . Injection volumes were 5-20 μl. The maximum pressure of HPLC systems was 38.5 MPa. Fatty acid derivative peaks were identified by the retention time of processed standards injected separately and by adding standard solutions to biological samples. Moreover, saturated fatty acids were differentiated from unsaturated fatty acids and conjugated fatty acids (e.g., CLA isomers) by the use of a photodiode array detector (Czauderna et al., 2003 (Czauderna et al., , 2004b .
The concentrations of Se, Zn, Fe, Ca and Mg in whole blood and tissue of spleens were determined by atomic absorption spectrometry (AAS) (PU9100X Atomic Absorption Spectrometer, UNICAM, Philips).
Statistical analyses of the effects of Se or the CLA isomer(s) in the diets were conducted using the nonparametric Mann-Whitney U test for comparing pairs in an independent experimental group (one-factor analysis), while statistical analyses of the interaction between the CLA isomer(s) and Se were performed using two-factorial ANOVA (CLA isomer(s)×Se). The statistical analyses were performed using the Statistica v. 6 package (Statistica, 2002) .
RESULTS AND DISCUSSION
Effect of experimental diets on mineral constituents in blood plasma and spleen
Although Se is an essential element for antioxidant and thyroid hormone function, supplementation of inorganic Se (as selenate) has also been shown to markedly alter the body weight gain, feed intake, and accumulation of Se, Zn, Fe, Mg, Ca, and several fatty acids in some organs of rats (Tables 1-6 ). No macroscopic lesions or toxic symptoms of adding 2 ppm Se (as selenate) or 1 or 2% CLA isomer(s) were observed. This is consistent with our previous studies (Czauderna et al., 2004a,b) corroborating that only chronic feeding of inorganic Se compounds at a rate of more than 5 ppm can be teratogenic and hepatotoxic in animals and humans (Tapiero et al., 2003) . In contrast to selenite, selenate is not as effectively incorporated into the body of animals and is less reactive and toxic.
The concentrations of mineral elements in whole blood of rats fed the diet enriched in CLA isomers and/or Se are given in Table 1 . Although the concentrations of Se, Zn, Fe, Mg and Ca in blood were not significantly affected by the dietary CLA isomer(s) and Se, some of them (Se, Zn, Ca and Mg) tended to decrease in the blood of rats fed the CLA isomers(s). Interestingly, the concentration of Ca showed the highest increase in the blood of rats fed the diet enriched in c9t11CLA with or without Se and the diet with only 2% of the CLA isomer mixture. The current results are thus consistent with our previous study, in which supplementing 1 or 2% of CLA isomer(s) showed a tendency to elevate the concentration of Ca in the rat liver (Korniluk et al., 2005) . In addition, the concentration of Ca exhibited a tendency to increase in the brain and heart tissues of rats fed the diet enriched in 1 or 2% of the CLA isomer mixture (data not presented); another striking result of our studies was the significant increase (P<0.01) in the Ca concentration in the brain tissue of rats fed the diet supplemented with both Se and the CLA isomer(s). In conclusion, our studies and the results obtained by Belury (2002) confirm that CLA isomers modulate the accumulation of Ca in animal bodies and, therefore, also have a potent effect on bone formation.
The presence of c9t11CLA in the diet most efficiently elevated the concentrations of Se, Zn, Fe and Mg in blood in comparison with other CLA isomer(s) added to the rat diet. In our study, adding selenate with or without CLA isomer(s) to the diet for 4 weeks resulted in a small increase of the Se concentration in blood (Table 1 ) and an only slightly higher increase in spleen tissues (Table 4 ). This is in good agreement with our previous results in which supplementing Se, regardless of the presence or absence of CLA isomer(s), also resulted in a slight increase of Se accumulation (~10%) in the liver in parenthesis -statistical analysis of data by ANOVA for two-factorials design, e.g.: CLA isomer(s) × Se CLA isomer contents in brain of control and 2 +Se rats are below quantification limit; c,c and t,t -cis,cis and trans,trans isomers (Czauderna et al., 2005a) and femoral muscles of rats (Czauderna et al., 2004b) in comparison with the control animals. Surprisingly, Se supplementation to the diet enriched with a higher level of the CLA isomer mixture usually most efficiently decreased the concentration of all assayed elements in blood and the liver tissue (Czauderna et al., 2005a) in comparison with the control and other experimental groups. This result suggests that in rats, during simultaneous supplementation of 2% CLA isomer mixture and Se, major changes occurred in the metabolism of the administered nutrient. This influence on metabolism is consistent with the significant decrease in total feed intake as well as with the tendency to decrease the body weight gain of rats fed diets enriched with the 2% CLA isomer mixture and Se.
Influence of experimental diets on the fatty acid composition of rat organ tissues
In agreement with our previous studies (Czauderna et al., 2004a,b; Korniluk et al., 2006) , massive changes of the concentration of fatty acids in the examined tissues of rat organs and blood plasma were observed. As can be seen from the results summarized in Table 1 , all supplemented diets showed a tendency or statistically significant increase in the concentration of the sum of all assayed FAs in plasma. As could be expected, feeding the diet enriched in t10c12CLA and Se resulted in a higher increase of FAs in plasma; at the same time, these findings are in accordance with other studies (Czauderna et al., 2004a,b; Korniluk et al., 2006) . Similarly, the diet containing t10c12CLA and Se significantly increased the concentration of total FAs in femoral muscles in rats (Czauderna et al., 2004b) as well as the weight of the liver, pancreas, spleen and heart (Czauderna et al., 2003) , and, consequently, these supplements in the rat diets resulted in the highest body weight gain. The increased weight of these organs is probably due to stimulation of lipoprotein or protein synthesis in the examined rats (West et al., 1998; Czauderna et al., 2004a,b) . It seems reasonable to assume that the interaction between Se and t10c12CLA or its metabolites resulted in the most efficient elevation of rat body weight accretion, consequently, most effectively decreased energy expenditure.
CLA isomer accumulation in blood plasma and examined organs
As could be expected, feeding the diets containing the CLA isomer(s) significantly stimulated the accumulation of all CLA isomers and other non-CLA conjugated FAs (CFA) in blood plasma and tissues of spleen, pancreas heart, kidneys and brain (i.e. dietary origin and due to endogenous synthesis) (Tables 2-6 ). This stimulating effect of the CLA isomer(s) is usually stronger in the plasma, spleen and pancreas of rats fed the diets containing both the CLA isomer(s) and Se. Detailed analyses of our Ag + -HPLC chromatograms revealed that the accumulation of CLA isomers in rat plasma and organs depended on the geometrical form of the administered isomer. Our results clearly demonstrate that the accumulation of t10c12CLA and c9t11CLA in all examined rat organs and plasma was selective. This is in good agreement with our previous studies (Czauderna et al., 2004a,b; Korniluk et al., 2006) , in which t10c12CLA and t10t12CLA concentrations also tended to be lower than those of c9t11 and t9t11 isomers in the liver and femoral muscles of rats in comparison with the composition of the CLA isomer mixture supplemented to the diet (i.e. the c9t11CLA:t10c12CLA concentration ratio in the dietary CLA isomer mixture: 1.0242). In our current study, c9t11CLA was preferentially accumulated in plasma, pancreas, heart, kidneys and brain tissues of rats fed the diet enriched in 1 or 2% of the CLA isomer mixture, regardless of the presence of Se. Thus, we can suggest that in these rat organ tissues, t10c12CLA and t10t12CLA may be more efficiently metabolized by the cells than their 9,11 isomers. Interestingly, in spleen tissue, the abundance of t10c12CLA was higher in comparison with the concentration of c9t11CLA, regardless of whether Se was supplemented or not. Possible explanations may be that t10c12CLA is preferentially accumulated in spleen cells or that c9t11CLA is more rapidly metabolized to longchain conjugated FAs (CFA), e.g. , cis6,cis9,cis11C18:3, cis6,trans10,cis12C18:3, cis8,cis11,trans13C20:3, cis8,trans12, cis14C20:3, cis5,cis8,cis11,trans13C20:4 and cis5,cis8,trans12,cis14C20:4 . Similarly, in all other examined organ tissues and plasma of rats fed the diet containing the CLA isomer(s) with/without Se, the lowest accumulation of CFA was found in brain tissue. Moreover, the accumulation of all CLA isomers in brain tissue was significantly lower as compared with the accumulation of all CLA isomers in plasma and other organ tissues of rats fed the diet enriched in the CLA isomers. Additionally, with regard to other fatty acids assayed in the brain, changes in the concentration of fatty acids in brain tissue of rats fed the experimental diets were smaller than the changes in other rat organ tissues and blood plasma. Interestingly, in all examined organs and plasma of rats fed the diet enriched in the CLA isomers (regardless of the presence of Se) the presence of CLA isomers possessing different positional and/or geometrical chemical formulas (i.e. non-dietary CLA isomers), as compared with the geometrical and positional chemical formula of dietary CLA isomers, was found. This is consistent with our previous results in rats (Czauderna et al., 2004a) showing that the supplementing CLA isomers also resulted in accumulation of non-dietary CLA isomers in the liver tissue.
Detailed analysis of the Ag + -chromatograms and data summarized in Tables 4-6 (groups 3 and 6) revealed that the percentage of dietary t,tCLA isomers in pancreas, kidney, brain and liver tissues (Czauderna et al., 2004a ) is smaller (~10%) in comparison with their respective percentages in the dietary CLA isomer mixture (i.e. the administered CLA isomer mixture containing 15.2% t,tCLA isomers). This effect was also observed in the organ tissues of rats fed the diets enriched in both Se and the 1-2% CLA isomer mixture (groups 3 +Se and 6 +Se ). Thus, our current experiment demonstrated that dietary t,tCLA isomers are preferentially metabolized in the cells of these organ tissues in comparison with other the dietary isomers (i.e. c,c; c9t11 and t10c12CLA isomers). Considering the above results, it may be hypothesized that t,tCLA isomers are catabolized more slowly and are poor substrates for β-oxidation. This is consistent with the results obtained by Yang et al. (2002) showing that t,tCLA isomers are favourably incorporated into membrane phospholipids due to their geometrical configuration. In contrast, only in spleen tissue and blood plasma of rats fed the diet containing the CLA isomer mixture, regardless of the presence of Se, was the percentage of t,tCLA isomers similar to the percentage of the t10c12CLA isomer in the supplemented CLA isomer mixture. This effect could be related to more efficient metabolism of c9t11CLA in spleen tissue in comparison with the capacity of t10c12 metabolism and that of other geometrical and positional CLA isomers.
Influence of experimental diets on the non-conjugated fatty acid constituent in rat tissues
The relationship between the experimental diets and the concentrations of other fatty acids are summarized in Tables 1-8. The plasma PUFA levels reflect the fact that all of the diets supplemented with CLA isomer(s) usually showed a tendency towards or significantly stimulated the accumulation of polyunsaturated fatty acids in pancreas, heart and kidney tissues of rats (Tables 2, 7 and 8) . Interestingly, addition of Se to the diets containing CLA isomer(s) generally resulted in a higher increase of PUFA in plasma and pancreas tissue than when only CLA isomer(s) were supplemented. At the same time, the SFA/PUFA ratio was usually lower in the plasma, spleen, pancreas, heart, kidney and brain tissues of rats fed the diets enriched in the CLA isomer(s) in comparison with the control group. This is in good agreement with our previous study (Czauderna et al., 2004b) in rats showing that supplementing CLA isomer(s) to the diet, with or without Se, resulted in an increased PUFA concentration, as well as in a higher (MUFA+PUFA)/SFA ratio in femoral muscles of rats. Consequently, these changes in the concentration of MUFA and PUFA and the SFA/PUFA ratio generally lead to improvements in the nutritional quality of meat of monogastric farm animals in terms of human health. Surprisingly, only in brain tissue did the addition of Se to CLAsupplemented diets always increase the SFA/PUFA ratio, moreover, the value Tables 1, 2 and 3 2 interaction: the CLA isomer(s) × Se (ANOVA analyses) 3 the content of FA(s) in group 3, 4, 5 and 6, respectively; i.e. rats fed diets without Se ( -Se ) 4 means in rows with the same letter are statistically different Tables 1-3 and 7 2 interaction: the CLA isomer(s) x Se (ANOVA analyses) 3 means in rows with the same letter are statistically different of this ratio were greater, in contrast to their value in brain tissue of control rats and rats fed the diets containing only the CLA isomer(s).
As can be seen from the results in Tables 2, 3, 7 and 8, all of the diets with the CLA isomer(s) usually decreased the concentration of SFA in plasma, spleen, pancreas, heart and kidney tissues. On the other hand, no consistent influence on the SFA concentration was found in the brain tissue of rats fed the diets enriched in the CLA isomer(s), regardless of the presence of Se. Among quality parameters, two groups of saturated FAs are very important for the nutritional evaluation of animal fat: C12:0, C14:0, C16:0 (atherogenic) and C14:0, C16:0, C18:0 (thrombogenic), which are believed to be linked to coronary heart disease (CHD). In the present study, the concentrations of these two groups of fatty acids in plasma, spleen, pancreas, kidneys and brain tissues are summarized in Tables  2, 3 , 7 and 8. These results clearly indicate that the dietary CLA isomer(s) usually decreased the concentration of both groups of SFA in plasma, pancreas, heart and kidney tissues. The importance of this data is due especially to the evidence for the physiological effects of CLA isomer(s), such as their antiatherogenic and antithrombotic action. The addition of Se to the diet containing the CLA isomer(s) slightly changed the accumulation of these fatty acids in comparison with supplementing the CLA isomer(s) alone. Surprisingly, the accumulation of these groups of fatty acids increased in the brain tissue of rats fed the diet with CLA isomer(s), but when both the CLA isomer(s) and Se were added, the concentration of both groups of SFA decreased in comparison with the control rats.
The diets enriched in the CLA isomer(s) usually showed a tendency or significantly decreased the concentration of MUFA as well as the capacity of Δ9-desaturase (i.e. Δ9-index) in plasma, spleen, pancreas and kidney tissues, while they did not result in any noticeable decrease in heart and brain tissues. The t10c12CLA isomer inhibits the activity and gene expression of Δ9-desaturase (Madron et al., 2002; Czauderna et al., 2004) , thereby reducing endogenous synthesis of c9t7CLA and c9t11CLA, as well as c9 monounsaturated fatty acids. Therefore, it seems necessary to assess the capacity of Δ9-desaturation using the Δ9 index (Tables 2, 3, 7 and 8). The current results are consistent with our previous studies (Czauderna et al., 2004a,b) showing that CLA isomer(s), t10c12CLA in particular, are responsible for the decrease in the concentration of monounsaturated fatty acids (especially c9C18:0 and c9C16:1) in the bodies of examined animals due to decreasing the Δ9 desaturation of such FAs as C16:0 and C18:0 (Wahle et al., 2004) . The addition of Se to the diet enriched in the CLA isomer(s) usually resulted in a decrease in the value of the Δ9-index and of the MUFA concentration, however, the simultaneous presence of Se and the CLA isomer(s) exerted a less consistent influence on the capacity of Δ9 desaturation and MUFA concentration compared with the effect of the diet with only the CLA isomer(s). Supplementation with t10c12CLA lowered the expression of the gene for this desaturase (Madron et al., 2002) , thereby decreasing endogenous synthesis of c9t11CLA, e.g. in the mammary gland. Moreover, the t10c12, but not the c9t11 isomer of CLA apparently also inhibited Δ6 and Δ5 desaturation of other unsaturated fatty acids like linoleic (LA) and α-linolenic acids (Wahle et al., 2004) . Consequently, the concentrations of LA in plasma, spleen, heart, kidneys and brain tissues are higher in rats fed diets enriched with t10c12CLA or a CLA isomer mixture due to the lower yield of more unsaturated metabolites of LA.
CONCLUSIONS
The results point to the possibility that the physiological effects that CLA isoforms exert on rats are isomer-dependent. The c9t11 isomer of C18:2 was preferentially accumulated in rat bodies, while the levels of t10c12CLA tended to be lower due to more efficient metabolism of 10,12 isoforms of CLA than of their 9,11 isomers. All diets containing CLA isomer(s), regardless of the presence of Se, resulted in a significant increase in the CLA isomer levels in the bodies of rats. Feeding Se and t10c12CLA considerably increased body weight gain, and spleen, heart, pancreas and liver weights, without any change in food intake. Moreover, these additives increased the accumulation of PUFA as well as CLA isomer(s) and their metabolites (CFA) in muscle, heart, pancreas tissues and in plasma. Therefore, we argue that diets enriched in these additives are able to improve feed conversion efficiency and the nutritive value of food for human and animal health. The changes in the plasma and organ tissue concentrations of FAs associated with atherogenicity and thrombogenicity in rats fed diets with CLA isomer(s) point to the beneficial nutritional value of meat from monogastric animals.
